method of retrograde axonal transport of horseradish peroxidase (HRP). After injections of HRP in various parts of the cerebral cortex, a large number of labeled cells were found within the same functional areas, while a small number of cells were labeled in other cortical areas. This demonstrates that small parts within the functionally uniform cortical area are strongly interconnected by means of short association fibers. Labeled cells were found both in the cortex of the gyral surfaces and sulcal walls.
Corticocortical neurons in the walls of some sulci were also shown to send their axons to various sensory areas.
Cells of origin of association fibers were mostly pyramidal in shape, occurring mainly in layer III of the various cortical areas (about 70% of the total number).
Following injections of HRP suspension into the visual cortex, however, the majority of labeled cells (82%) were found in layers V and VI of the Clare-Bishop area, some of them were polyAssocitation fiber connections in the cat have recently been studied with silver degeneration techniques. It has been shown that there are abundant interconnections among small parts within the functionally uniform area, and that the interconnections between different areas are relatively sparse (DIAMOND, JONES and POWELL, 1968; GAREY, JONES and POWELL, 1968; JONES and POWELL, 1968; KAWAMURA and OTANI, 1970; KAWAMURA, 1973a, b, c; PAULA-BARBOSA, FEYO and SOUSA-PINTO, 1975) . The topographic patterns of organization of corticocortical connections, e.g., the tonotopical (DIAMOND et al., 1968; KAWAMURA, 1973a; PAULA-BARBOSA et al., 1975) and somatotoplial KAWAMURA and OTANI, 1970 , have been elucidated in some detail.
Due to the difficulty of obtaining lesions restricted to the cortex in the sulci, little is known about efferent projections from the cortex surrounding the sulci, and from the medial and basal surfaces of the hemisphere. For this reason, we considered it useful to study in more detail the organization of association fibers by means of retrograde axonal transport of horseradish peroxidase (HRP), which, in addition, provides clearer evidence about cells of origin of the fibers than has been reported previously. Seven abult cats were used in this investigation. The animals were operated on under Nembutal anesthesia.
Multiple injections of a 50% (wt/vol) HRP (Sigma, type VI) suspension were unilaterally made in various functional areas of the cerebral kept in situ for about 20min after the injections.
After survival periods of 1-3 days, the animals were transcardially perfused under deep Nembutal anesthesia with physiological saline followed by a mixture of 0.4% paraformaldehyde and 1.25% glutaraldehyde in 0.1M phosphate buffer (pH 7.4). The brains were dissected out from the skull, immersed in the same fixative for less than 24hrs and then transferred to 5% or 25% phosphate buffered sucrose. On the and every 10th section was collected in phosphate buffer.
In 5 animals (cats KEN 22, KEN 23, KEN 24, KEN 25, KEN 26) , sections were treated with Tris-HCl buffered 3-3'-diaminobenzidine tetrahydrochloride (DAB) according to the method of GRAHAM and KARNOVSKY (1966) , and in the 2 others (cats KEN 66 and KEN 68), sections were incubated with citric acid-ammonium acetate buffered p-cresol-DAB as described by STREIT and REUSI (1977) . They were lightly stained with 0.1% cresyl violet and examined microscopically under bright-field and dark-field illumination.
The distribution of labeled cells was plotted in drawing of sections made with the aid of a projection apparatus.
Reconstruction of the sections was made to show the total distribution of labeled cells which appeared in the hemisphere. Somal diameters of labeled cells in different layers were measured in three animals (cats KEN 25, KEN 26 and KEN 68 in Fig. 7) . A camera lucida drawing (Fig. 5 ) of corticocortical neurons was made in the Clare-Bishop area in a section of cat KEN 68 where the visual cortex was heavily stained.
RESULTS
Appearance of labeled corticocortical cells (Fig. 1, 5) Following injections of horseradish peroxidase (HRP) in the cerebral cortex (Fig. 1a) , many labeled cells (Fig. 1b-e) were found in the ipsilateral cortex. Most of them were pyramidal cells containing HRP positive reaction product in their somata and cell processes. Some fusiform-like cells were also observed.
In cortical areas close to the injection sites, a number of neurons and neuroglial cells were labeled in all layers of the cortex. On the other hand, in areas some millimeters distant from the In describing the distribution of labeled cells giving origin to association fibers, name of the gyri and sulci of the cat cerebrum (cf. standard figure presented by KAWAMURA, 1971; 1973a) will be used with reference to Brodmann's numerals. For histological identification of the cytoarchitectonics, parcellations worked out by previous investigators, e.g., HASSLER and MUHS-CLEMENT (1964) , GUREWITSCH and CHATSCHATURIAN (1928) and OTSUKA and HASSLER (1962) , were adopted. Of the 7 experimental animals, findings obtained from 4 animals will be presented below, since in the other animals cortical areas stained by injected HRP have been found to involve more than two functionally different areas.
Extensive areas of the auditory cortex, viz., the ectosylvian (the A-I of WOOLSEY, 1960) and the sylvian (the A-II) gyri, were heavily stained by multiple (6-points) injections of HRP. A large number of cortical neurons were labeled in the temporal region. Most of them were found in the anterior and posterior sylvian gyri and the posterior ectosylvian gyrus, with a gradual decrease in number in more ventrally located areas approaching the posterior rhinal sulcus.
A smaller number of cells were likewise labeled in the middle and posterior suprasylvian gyri. Some labeled cells were also found in the cortical walls in the posterior part of the anterior lateral sulcus (area 19 of OTSUKA and HASSLER, 1962) and in those of the presylvian sulcus (area 6 of GUREWITSCH and CHATSCHATURIAN, 1928) , as well as in the walls of the splenial and cruciate sulci on the medial surface of the hemisphere.
No labeled cells were found in the gyral surface, at least, of the somatic sensory cortex.
Following injections of HRP suspension over 6 needle penetrations into different parts of the sensorimotor area, extensive regions of the anterior and posterior sigmoid gyri and the middle parts of the coronal and anterior ectosylvian gyri were heavily stained. A large number of labeled cells were found both in the gyral surfaces and sulcal walls of the sensorimotor cortex, i.e., labeled neurons frequently occurred in both walls of the ansate, presylvian and cruciate sulci and the anterior part of the suprasylvian sulcus, in addition to the crown (gyral surface) of the anterior ectosylvian, the coronal and the sigmoid gyri. Only a few cells were labeled in cortical areas other than the sensorimotor cortex and no cells were found in the occipitotemporal region.
Twenty-nine percent of the total (N=92) of the labeled cells had diameters less five percent of the labeled cells were found in layer III, chiefly in its deeper part.
Frequencies of different sizes of labeled corticocortical neurons in different cortical layers are shown in one (cat KEN 26) of 3 histograms (sectors) in Figure 7 , together with those obtained in 2 other animals (cats KEN 25 and KEN 68).
HRP suspension was injected at 3 points in the lateral gyrus. Only the visual cortex (areas 17-19 of OTSUKA and HASSLER, 1962) was stained. Many labeled cells were found in the visual cortex, viz., in the lateral gyrus (areas 17-19), the suprasplenial and splenial gyri (area 17). In addition, a considerable number of labeled cells were found in the posterior part of the middle suprasylvian gyrus as well as in the medial Fig. 3 . Drawings of the findings in cat KEN 26 following HRP-injection which has resulted in staining largely of the sensorimotor cortex. Principles of presentation as in Figure  2 . Note that most of the labeled cells are found in the sensorimotor cortex.
wall (largely corresponding to the Clare-Bishop area) of the middle suprasylvian sulcus throughout its rostrocaudal extent. A small number of labeled cells were likewise found in a small posterodorsal part of the ectosylvian gyrus and in the cortical walls of the posterior suprasylvian sulcus, as well as in the most ventral part of the posterior suprasylvian gyrus (area 20 in Figure 22 of HEATH and JONES, 1971 ). Very few labeled cells were found in the lateral wall (largely corresponding to the suprasylvian fringe sector, the SF, of ROSE, 1949 and WOOLSEY, 1960) of the middle suprasylvian sulcus, and no labeled cells were found in the main auditory and the somatic sensory areas.
With regard to the laminar distribution of labeled cells, it may be noted that the findings obtained in the Clare-Bishop area differed from those in other cortical areas. Thus, 63% of the labeled cells were located in layer VI, and the remaining 37% were situated in other layers: layer V (19%), III (16%) and II (2%). Moreover, only 18% (Fig. 7) . A camera lucida drawing of the labeled neurons in the ClareBishop area is illustrated in Figure 5 . In the other 3 cats (KEN 22, KEN 24 and KEN 66) where a large amount of HRP solution was injected in the visual cortex, parts of the adjoining "association" cortex were also stained.
The findings in these animals are similar to those of cat KEN 68, with some additional positive findings of labeled cells.
Following multiple injections of HRP in areas 5 and 7 (HASSLER and MUHS-CLEMENT, 1964) of the parietal region, a large part of the "association" cortex was stained. Many neurons were found in the "association" area, while some cells were found in areas 18 and 19 in the posterior part of the suprasylvian gyrus and in the sensorimotor cortex in the sigmoid gyrus.
In addition, a number of labeled cells were found in the cortical walls of some sulci, e.g., the suprasylvian, the ansate, the cruciate, and the splenial sulcus.
The distribution of various sizes of labeled cells in different cortical layers obtained from this animal was largely similar to those of cat KEN 26. In the entire cortex, 77% of the labeled cells were located in layer III, 14% in layer V and the Since the present study confirms and extends previous data, description will be made below with reference to the previous studies.
Afferent pathways to the auditory cortex
It has been repeatedly shown that there are strong connections of association fibers among subdivided areas (the A-I, A-II, Ep, SF) of the auditory cortex (DIAMOND et al., 1968; KAWAMURA, 1973a; PAULA-BARBOSA et al., 1975) . The present findings of cat KEN 23 (Fig. 2) confirmed this abundant connectivity. Many neurons in the cortical walls of the posterior suprasylvian, the ectosylvian, the sylvian, the pre- sylvian (area 6) and the splenial sulci send fibers to the auditory cortex. It is also shown that a small number of neurons in the "association" and the visual areas project to the auditory cortex, and that there are virtually no projections from the main sensorimotor cortex. Some neurons in both walls of the rhinal sulcus and in the cingulate gyrus, in addition, send fibers to the auditory cortex.
Afferent pathways to the sensorimotor cortex
Previous studies have shown that there are strong interconnections between the first and second (the S-I and S-II of WOOLSEY, 1947, respectively) somatic sensory areas KAWAMURA and OTANI, 1970) as well as between the somatic sensory and motor cortex . The data from cat KEN 26 (Fig. 3) show that weak projections arise in addition from the most rostral part of the anterior lateral gyrus, the anterior suprasylvian gyrus and the most rostral part of the anterior sylvian gyrus, which confirmed the previous findings (KAWAMURA and OTANI, 1970; HEATH and JONES, 1971; KAWAMURA, 1973a) . It is also found that cortical walls of the cruciate, suprasylvian, ansate and presylvian sulci project to the sensorimotor cortex.
It should be noted that direct inputs to this cortical field from the auditory and the visual area are very limited.
Afferent pathways to the visual cortex
It has been shown by means of the anterograde degeneration (GAREY et al., 1968; WILSON, 1968; HEATH and JONES, 1971; SHOUMURA, 1972; KAWAMURA, 1973b, c) and retrograde labeling (GILBERT and KELLy, 1975) methods that subdivided areas in the visual cortex are strongly interconnected, which are compatible with the present findings (see cat KEN 68 in Fig. 4) .
In addition, the visual cortex receives fibers from the medial wall of the middle suprasylvian sulcus (HEATH and JONES, 1971; SHOUMURA and ITOH, 1972; GILBERT and KELLY, 1975 and the posterodorsal part of the posterior ectosylvian gyrus (KAWA-MURA, 1973a) . Furthermore, it also receives a small number of fibers from the auditory cortex (PAULA-BARBOSA et al., 1975) . All of these neuropathways have been confirmed in the present study.
Furthermore, a fair number of association fibers arise from the ventral portion of the posterior suprasylvian gyrus (area 20) and the cortical walls of the posterior suprasylvian sulcus, which were not reported previously. It is noteworthy that there are no projections from the main auditory cortex nor from the sensorimotor area. Afferent pathways to the "association" cortex
The present HRP findings of cat KEN 25 (Fig. 6 ) demonstrate that there are many labeled cells in the "association" cortex, which shows strong connections within the area by means of short association fibers, confirming previous findings with silver impregnation methods (HEATH and JONES, 1971; KAWAMURA, 1973b) . Moreover, it has been shown that the "association" cortex receives cortical fibers from the transitional area (area 19) between the middle and posterior suprasylvian gyri (KAWAMURA, 1973c) , the lateral wall (the SF) of the middle suprasylvian sulcus (DIAMOND et al., 1968; HEATH and JONES, 1971; PAULA-BARBOSA et al., 1975) , the posterior ectosylvian gyrus (DIAMOND et al.,1968; PAULA-BARBOSA et al., 1975) , the middle ectosylvian gyrus (the A-I) (KAWAMURA, 1973a) , and the pericruciate sulcal area of the lateral surface of the hemisphere KAWAMURA and OTANI, 1970) . According to HEATH and JONES (1971) , the "association" area receives fibers in addition from the anterior part of the frontal cortex largely corresponding to areas 6 and 8.
The present findings are largely in agreement with previous findings, and further demonstrate that there are projections from cortical areas surrounding the following sulci: the ansate, the suprasylvian, the cruciate and the presylvian sulcus. It appears, however, that projections from the auditory cortex are very weak, and that there are no projections from the cingulate cortex (mesocortex).
Laminar distribution of labeled cells in the cortex
Recently, cells of origin of corticocortical fibers have been identified by the HRP method. GILBERT and KELLY (1975) described that a number of neurons of association fibers are located in layers II and III of the cat visual cortex. However, cells of origin of association fibers in layer II of the monkey sensorimotor (JONES and WISE, 1977) and prefrontal areas (JACOBSON and TROJANOWSKI, 1977) were limited in number. The present study shows that about 70% of the total number of ipsilateral corticocortical cells are located in layer III, with preferential locations in its deeper part, while less than 10% of the neurons occur in layer II, when observed in the entire cortex of two animals (cats KEN 25 and KEN 26 in Fig. 7) . Findings of the laminar distribution of corticocortical neurons to the macaque prefrontal cortex (JACOBSON and TROJANOWSKI, 1977) and the PG area (area 7) (MESULAM, VAN HOESEN, PANDYA and GESCHWIND, 1977) , and to the marmoset middle temporal visual area (MT area) (SPATZ, 1975) are largely in agreement with the present study. JONES and WISE (1977) described, however, that a major location of the corticocortical neurons in the sensorimotor cortex of the squirrel and cynomolgus monkey is the upper part of layer III. The discrepancy in (sub)laminar distribution of cells of origin of association fibers may be due to the difference in the cortical areas examined.
In the present case of cat KEN 68 (Fig. 4, 5) where multiple injections of HRP are made in the visual cortex (areas 17-19), a large number (63%) of labeled cells are found in layer VI of the Clare-Bishop area, while only 16% are found in layer III. Possibility of the labeling of layer VI cells which project to the thalamic nuclei can be excluded, since there is no penetration of injection needles into the white matter.
According to GILBERT and KELLY (1975) who made HRP injections in areas 18 and/or 17, labeled cells were found mainly in layer VI of the Clare-Bishop area, while labeled cells were found in layers II and III when staining of the HRP reaction product was confined to area 19. Following injections of HRP into the PG area of the rhesus monkey, MESULAM et al., (1977) also found most of the labeled cells in layer III of the medial parietal cortex, with many labeled cells in layers V and VI of the TF area. Therefore, in addition to the difference of laminar locations of corticocortical neurons in different cortical areas, there may be different patterns of distribution among animal species (cf. WISE and JONES, 1977) .
From detailed examination of labeled cells occurring in 3 animals (cats KEN 25, KEN 26 and KEN 68 in Fig. 7) , it is found that 74% of the total number of labeled motor cortex (JONES and WISE, 1977 From the recent findings on corticocortical fiber connections in the cat (DIAMOND et al., 1968; JONES and POWELL, 1968; KAWAMURA and OTANI, 1970; HEATH and JONES, 1971; KAWAMURA, 1973a, b, c; PAULA-BARBOSA et al., 1975) , KAWAMURA (1973c KAWAMURA ( , 1974 KAWAMURA ( , 1977 has concluded that there is in principle high connectivity within a functionally uniform cortical area. The present study strongly supports this view in showing that, after injections of HRP in parts of a particular "functional" area, the majority of labeled cells are found within the same functional area, while only a small number of cells are found in other cortical areas.
This pattern of corticocortical organization may be compatible with the "mosaic" functioning of the cortex, which may be related to the "concentrating or analytical" mechanism (see KAWAMURA, 1973c) . Based upon the present findings, discussion will be made below referring to certain cortical areas buried within the cerebral sulci, which may be considered as being "multi -functional" areas from the standpoint of fiber connections and physiological data (see below).
From the present experiments with cats KEN 23 (Fig. 2) , KEN 26 ( Fig. 3 ) and KEN 25 (Fig. 6) , it was found that some neurons in cortical walls of the presylvian sulcus (largely corresponding to area 6) send their axons to the auditory, the sensorimotor and the "association" cortices.
The cortical walls have been shown to receive association fibers from the sensorimotor cortex KAWAMURA and OTANI, 1970 , the SF of the auditory cortex (HEATH and JONES, 1971) and the "association" cortex (HEATH and JONES, 1971) . Thus, there are reciprocal connections between the cortex of the presylvian sulcus and the three functionally different cortical areas. In addition, the cortical area of the presylvian sulcus has been shown to be related to the visceral (taste) sensation (JONES and POWELL, 1969; NIIMI, WADA and TOMONARI, 1974) and occular movements (SCHLAG and SCHLAG-REY, 1970) .
Cortical walls of the cruciate sulcus on the medial surface of the hemisphere were also found in the present study to send association fibers to the sensorimotor (cat KEN 26, Fig. 3 ), the auditory (cat KEN 23, Fig. 2 ) and the "association" (cat KEN 25, Fig. 6 ) areas.
They, in turn, receive fibers from the sensorimotor KAWAMURA and OTANI, 1970) , the auditory (DIAMOND et al., 1968; HEATH and JONES, 1971; PAULA-BARBOSA et al., 1975) and the "association" (HEATH and JONES, 1971; KAWAMURA, 1973b) cortices. Thus, there are also reciprocal connections between the sulcal walls and the three cortical areas.
The cortical walls of the cruciate sulcus are continuous to those on the lateral surface of the hemisphere, and these have been given the name of the pericruciate association area (PCA) by THOMPSON, JOHNSON and HOOPES (1963) based upon the fact that evoked potentials were obtained by click, flash and skin stimulation.
The upper bank of the sulcal area appears to control the hindlimb musculature (NIEOULLON and RISPAL-PADEL, 1976) .
Association pathways from the sulcal walls of the splenial sulcus (area 19) to the auditory (cat KEN 23, Fig. 2 ) and the "association" (cat KEN 25, Fig. 6 ) cortex are to be noted. These findings are of particular interest since no other visual areas in the medial surface of the hemisphere appear to have such projections.
A particular comment on the cortical walls surrounding the posterior suprasylvian sulcus together with its adjoining gyral surface areas, especially the posterodorsal part of the posterior ectosylvian gyrus and the ventral part of the posterior suprasylvian gyrus, should be mentioned here. Based upon the present (cat KEN 23 in Fig. 2 and cat KEN 68 in Fig. 4 ) and previous (DIAMOND et al., 1968; HEATH and JONES, 1971; KAWAMURA, 1973a, b, c; PAURA-BARBOSA et al., 1975) findings, it has become evident that these cortical areas are reciprocally interconnected with the visual and auditory cortical fields. This occipitotemporal region may be regarded as functioning as a visuo-auditory integrating mechanism among with other cortical areas, i.e. the insular region (cp. FALLON, BENEVENTO and LOE, 1978) and the medial (Clare-Bishop area) and lateral (the suprasylvian fringe sector) banks of the middle suprasylvian sulcus (the MSs area).
The MSs area will be dealt with separately (KAWAMURA and NAITO, 1980) .
